INTRODUCTION
Man-made chemicals used as refrigerants, fire retardants, paints, solvents, and herbicides and pesticides cause considerable environmental pollution and human health problems as a result of their persistence, toxicity, and transformation into hazardous metabolites. Many environmentally important xenobiotics, introduced for industrial use, are halogenated, and halogenation often is implicated as a reason for persistence (102) . Halogenated organics are used as herbicides, plastics, solvents, and degreasers. Chlorinated compounds are the most extensively studied because of the highly publicized problems associated with 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (DDT), other pesticides, and numerous industrial solvents (113) . Hence, chlorinated compounds serve as the basis for most of the information available on the biotransformations of synthetic compounds. Several excellent reviews have been published (5, 6, 53, 60, 70, 83, 84, 86, 91, 100, 106, 108, 122, 134, 154, 162, 163, 181) ; two relatively recent ones (28, 126) deal with various aspects of the environmental fate of xenobiotics.
This article is an overview of the current understanding of the physiological and genetic basis of biodegradation of halogenated compounds, specifically the chlorinated hydrocarbons, by isolated aerobic and anaerobic microorganisms. Most of the information available on the biodegradation of chlorinated compounds is on oxidative degradation, since * Corresponding author. aerobic culture techniques are relatively simple compared with anaerobic culture methods. Also, aerobic processes are considered the most efficient and generally applicable. Recently, anaerobic microbial communities have shown the ability to degrade a variety of groundwater pollutants, including chlorinated aromatic compounds and trichloroethylene (TCE) (17, 18, 28, 37, 38, 54, 64, 82, 89, 94, 95, 101, 116, 126? 142, 145, 147, 156-158, 162, 166, 174) . However, most of these bacteria have not been characterized or genetically analyzed for their biochemical properties.
For convenience, the chlorinated hydrocarbons degraded by microorganisms (bacteria and fungi) are grouped into three classes: (i) aliphatic, (ii) polycyclic, and (iii) aromatic. Some of the chlorinated hydrocarbons and the microorganisms capable of degrading them are listed in Tables 1 to 3 . These tables list chlorinated compounds that are degraded by some soil and aquatic microorganisms. They also illustrate the wide variety of microorganisms that participate in environmentally significant biodegradation reactions. An understanding of the biochemistry and genetics of the degradation of chlorinated hydrocarbons will allow characterization of the appropriate genes necessary to construct improved strains with enhanced degradation ability. Most of the biodegradations of chlorinated hydrocarbons are plasmid mediated, such as the 3-chlorobenzoate (3CBA)-degrading plasmid pAC25 (23) and the 2,4-dichlorophenoxyacetate (2, 4 -D)-degrading plasmids pJP4 and pRC10 (27, 32) . The role of plasmids in the biodegradation of these compounds and the construction of new strains with novel biodegradative pathways will be discussed. 
HALOGENATED ALIPHATIC HYDROCARBONS
Halogenated aliphatic compounds are prevalent groundwater contaminants and are significant components of hazardous wastes and landfill leachates. Many hazardous halogenated aliphatic compounds released from industrial, commercial, and agricultural sources are chlorinated or brominated alkanes and alkenes that contain one to three carbon atoms, such as halogenated alkanoic acids (HAA), haloalkanes, TCE, trichloroethane (TCA), and ethylene dibromide (EDB). Chlorinated ethanes and ethers have been commonly used as refrigerants in manufacturing, as solvents in the dry-cleaning (metal and plastic) and lacquer industries, and in semiconductor manufacturing. Their apparent hazard to human health has prompted investigations concerning their fate in subsurface waters and in the soil environment (17, 38, 40, 56-58, 66, 82, 89, 90, 103, 104, 107, 171, 174, 179) . Although abiotic transformations can be significant within the time scales commonly associated with groundwater movement, the biotic processes typically proceed much faster, provided that there are sufficient substrates, nutrients, and microbial populations to mediate such transformations.
The transformations of some chlorinated aliphatic compounds by soil and aquatic microorganisms are listed in Table 1 . Vogel and McCarty (174) reported the degradation of TCA under abiotic and biotic conditions. Abiotic degradation of TCA can result in a mixture of 1,1-dichloroethylene and acetic acid, whereas the biotransformation of TCA results in 1,1-dichloroethane and chloroethane.
The degradation of halogenated alkanes such as 1-chlorobutane, 1,3-dichloropropane, and 1,9-dichlorononane has been studied by Yokota et al. (184) . Several bacterial strains including methane-utilizing bacteria capable of utilizing haloalkanes were isolated. The microbial dehalogenation of haloalkanes by these strains is mediated by oxygenase and hydrolase. Scholtz et al. (138) reported a soil isolate, Arthrobacter sp. strain HAl, that can utilize at least 18 1-chloro, 1-bromo-, and 1-iodoalkanes, but not 1-fluoroalkane, as the sole source of carbon and energy. There is no information concerning the metabolic pathway or the genetic basis of degradation of these monohalogenated alkanes.
With the exception of 2-monochloropropionic acid and monochloroacetic acid (haloalkanoic acids), detailed studies of the biochemical and genetic basis for the biodegradations of chlorinated aliphatic compounds are lacking. Although detailed genetic information on these microorganisms is not available, the degradation of HAA and TCE serves as a good example of recent studies on the microbial metabolism of chlorinated aliphatic hydrocarbons. Halogenated Alkanoic Acids A number of soil microorganisms which synthesize dehalogenase are capable of utilizing HAA (56-58). Hardman et al. (56) examined four Pseudomonas and two Alcaligenes species capable of growth on 2-monochloropropionic acid and monochloroacetic acid. They found that all isolates contained a single plasmid with a molecular size of 53 kb (pUU204) or more. Curing of the four Pseudomonas species with ethidium bromide resulted in the concomitant loss of the plasmids and dehalogenase activities and demonstrated that the gene was plasmid encoded. However, attempts to transfer the plasmid either to new host strains or to cured strains of the donor strain failed. These strains can express up to four different dehalogenases; this represents one of the first demonstrations of isoenzyme gene multiplication on plasmids (57) . Unlike the chlorinated phenoxyacetate plasmids (pJP1 to pJP6), the HAA plasmids exhibit considerably variety when the restriction endonuclease patterns are compared (32) . This observation indicates a high degree of gene mobility, not only between strains but also between plasmids.
Trichloroethylene
Chlorinated ethenes such as vinyl chloride, TCE, and tetrachloroethylene (perchloroethylene) have been frequently detected in drinking-water aquifers (90) . TCE is one of the major industrial solvents used for degreasing and cleaning metals and electronic components. These compounds are persistent in the environment and are transported rapidly in groundwater. Their presence in the drinking-water aquifers is of public concern because of their toxicity and/or carcinogenicity (67, 100 (41) .
Recently an aerobic, methane-oxidizing bacterium that degrades TCE in pure culture was isolated. TCE biodegradation by this bacterium appeared to be a cometabolic process (89) . Another aerobic microorganism degraded TCE in the presence of phenol (104) . The (180, 191) . The ability to degrade TCE may be a general characteristic of methanotrophic bacteria since several researchers have observed biodegradation of TCE in methane-enriched mixed cultures from a variety of environments (40, 89, 104, 179) . These reactions may prove to be important as a potential treatment of TCE-contaminated sites via stimulation of methanotrophic bacteria. However, information on the genetic analysis of these TCE-utilizing microorganisms, especially the methanotrophs, is not available. TCE has also shown to be metabolized by aromatic compound-degrading (59, 103, 145) and ammonia-oxidizing (9, 164) bacteria. The metabolic pathway for the aerobic and anaerobic degradation of TCE is shown in Fig. 1 .
Ethylene Dibromide (EDB) EDB is a brominated hydrocarbon that has been used as a soil fumigant and in anti-knock gasoline. It has been widely investigated over the last few decades because of numerous environmental contamination problems caused by its use. Pignatello (119) has reported the microbial degradation of EDB in aquatic environments. However, no information is available on the microorganisms and their genetic traits involved in EDB transformation.
In conclusion, the fate of chlorinated aliphatic hydrocarbons in the environment is dependent on their particular chemical properties. Potential chemical and biological transformations occurring under given environmental conditions are controlled by the number and position(s) of chlorinated substituents. A general trend with regard to the degradation of chlorinated aliphatic hydrocarbons is that the more chlorinated the aliphatic compound, the higher the relative rate of reduction, and the less chlorinated the compound, the higher the rate of oxidation (173) . Although the chemical structures of the compounds and abiotic reactions play a role in the removal of certain chlorinated hydrocarbons, biodegradation by microorganisms is of primary importance. An understanding of the pathways and products of degradation of chlorinated aliphatic hydrocarbons by these microorganisms can be useful in evaluating contamination patterns and in selecting the most appropriate remediation procedures. Genetic and molecular information on the biodegradation of these compounds by soil and aquatic microorganisms allows the construction, by recombinant DNA technology, of microorganisms which have better degradative capabilities than do natural populations of microorganisms.
CHLORINATED POLYCYCLIC HYDROCARBONS
Polycyclic aromatic hydrocarbons occur as natural constituents and combustion products of fossil fuels and are widespread environmental contaminants (63) . There are several reports concerning the biodegradation of chlorinated polycyclic hydrocarbons (12-14, 21, 22, 44, 85, 93, 98, 134, 143, 144, 155, 159, 161) . Of these, DDT polychlorinated biphenyls (PCBs), and p-chlorobiphenyls (p-CBs) are of great interest because of their widespread occurrence in the environment. Although DDT is a persistent environmental pollutant, it does appear to undergo slow degradation. Bumpus and Aust (21) nearly water insoluble, nonpolar, lipid soluble, and inert. They are ideal fluids for use in electronic equipment and are useful constituents of insulators, lubricating oils, herbicides, medicines, and antimicrobial agents. Because of their toxicity to animals and humans (67, 100) , their use has been prohibited. However, the environment is still burdened as a result of their past use. PCBs with higher chlorination tend to be more environmentally persistent. Several reports showed the effect of chlorine substitution on the biodegradability of various PCB isomers (48) . Both aerobic and facultative anaerobic bacteria capable of utilizing PCBs have been isolated from the environment (2, 11, 74, 161, 182) . Takase et al. (161) isolated a Pseudomonas cruciviae strain that could grow on more than 10 biphenyl-related compounds including p-CB. They demonstrated that biphenyl ether was degraded through an ortho cleavage pathway and that biphenyl was degraded through a meta cleavage pathway. Several reports showed cometabolism of various PCBs by biphenyl-degradingbacteria (2, 11, 15, 16, 45, 46) . Dmochewitz et al. (31) reported an Aspergillus niger that was capable of utilizing mixtures of PCBs, and Eaton (35) showed mineralization of PCBs by a ligninolytic fungus.
Physiologic and genetic studies have shown that the genes for the degradation of PCBs may be plasmid encoded (44, 144) or present on the chromosome (43, 47, 74-76, 121, 124 Studies are now focused on the organization, cloning, and characterization of the genes encoding PCB degradation (62, 76) . Like the genes involved in the degradation of halogenated aromatic compounds, the genes encoding PCB catabolism are clustered in an operon, bphABCD.
The degradation of PCB is through ring cleavage and dehalogenation. Figure 3 (Table 3) .
Microorganisms are challenged to develop new pathways by altering their own preexisting genetic information as a result of either mutation(s) in single structural and/or regulatory genes or perhaps recruitment of single silent genes when they encounter the foreign compounds (123) . However, one should recognize that it may take microorganisms a long time to acquire the ability to degrade all the new synthetic chemicals introduced into the environment by modem technology. If a synthetic chemical is biodegradable in a reasonable time frame, that compound is unlikely to pose a threat to public health. Nevertheless, although microorganisms can adapt to remove many toxic substances, the great variety of xenobiotics used today may disrupt the balance of the ecosystem. In the future it will be necessary to develop microbial systems that can speed the evolution of degradative traits. The strategy to develop an accelerated evolution of pathways is the rationale for the restructuring of existing pathways by using techniques of genetic manipulation, including recombinant DNA techniques (123, 127) , or by continuous culture in a chemostat (44) . The advantage of experimental evolution of pathways is that laboratory selection conditions can be custom designed for each biotransformation. In this fashion the evolutionary process can be considerably accelerated (127) . In the following section, the degradation of some aromatic compounds will be discussed and the genetic basis of biodegradation of 2,4-D will be used as a model system to study the construction of strains with broader biodegradative potential.
Pentachlorophenol
The chlorinated phenols used as wood preservatives, herbicides, fungicides, and general biocides are a large group of toxic xenobiotics that are serious environmental pollutants. In 1983, worldwide production of pentachlorophenol studies (19, 130, 151, 152, 165 ). An 80-to 100-kb plasmid was found in the PCP-degrading Flavobacterium sp. However, analysis the role of this plasmid in PCP catabolism and its genetic makeup is not complete. The initial steps in the catabolism of PCP by the Flavobacterium sp. are conversion of PCP to tetrachloro-p-hydroquinone and then to trichloroquinone and dichlorohydroquinone (150) . Under anaerobic conditions, however, the PCP is degraded into tri-, di-, and monochlorophenol. The benzene ring is then broken to produce methane and carbon dioxide (Fig. 4) . Recently, cell extracts from an Arthrobacter sp. have been shown to dehalogenate PCP (136) .
Reductive dechlorination of PCP has been observed in flooded soils. Early studies (65, 99) suggest reductive dechlorination as a degradative pathway for PCP. The fate of PCP in anaerobic sewage sludges has also been studied (54) . Actinomycetes and fungal organisms have also been found to metabolize PCP (8, 96) . However, little is known about the microorganisms which are responsible for the anaerobic degradation of PCP. Attempts have been made to degrade PCP in contaminated water by using immobilized cells (106) . More research is needed to develop feasible bioreclamation methods.
Dichlorobenzene
The extensive use of chlorobenzenes as solvents, fumigants, and intermediates in the production of pesticides and dyes has led to their widespread release into the environment. There is little information about the role of microorganisms in the elimination of such halogenated compounds. Recently, bacteria such as Alcaligenes spp. and Pseudomonas spp. that utilize chlorobenzene (122, 125), 1,2-dichlorobenzene (o-DCB) (55), 1,3-dichlorobenzene (m-DCB) (30) , and 1,4-dichlorobenzene (p-DCB) (105, 138, 148) as the sole source of carbon have been isolated or constructed. However, the genetic basis of degradation of chlorobenzenes in these microorganisms has not been described. Dechlorination of chlorobenzenes has been shown to occur under anaerobic conditions as well. Sewage sludge completely transformed 190 VLM hexachlorobenzene to DCB (39) . Fur- ther mineralization of dichlorobenzene may require anaerobic conditions. The metabolic pathway for the biodegradation of o-DCB (148) , m-DCB (30) , and p-DCB (105) proposes that they all form a common intermediate, dichlorocatechol, and then the benzene ring is broken (Fig. 5) (and, later, pAC27 and pAC31) from P. putida specifies the biodegradation of 3CBA. They rearranged pAC25 and a portion of TOL plasmids and enabled the host cells to utilize 4CBA and 3,5-dichlorobenzoate (3,5DCBA). The metabolic pathways for the degradation of these two compounds by the constructed strains are shown in Fig. 7 . Reineke and Knackmuss (124) reported the isolation of Pseudomonas sp. strain B13, which capable of utilizing 3CBA; a plasmid, pWR1, was isolated from this strain. Plasmids pAC25 and pWR1 were found to be closely related by hybridization studies (23) . The plasmid from Pseudomonas sp. strain B13 (pWR1) is 6 kb shorter than pAC25. The pathway for the degradation of the other chlorobenzoates, such as 4CBA and 2,4DCBA, by Corynebacterium sepedonicum is also shown in Fig. 7 (189). The same scheme was obtained for Alcaligenes denitrificans NTB-1 (168) .
Chlorobenzoates can also be biodegraded under reductive conditions. However, little information is available concerning the microorganisms capable of reductive degradation of chlorobenzoates or the role of plasmids in the utilization of these compounds.
Several chlorophenoxyacetate-degradative plasmids not only code for the degradation of phenoxyacetates, but also code for the degradation of chlorobenzoates (27, 32) . As expected, these plasmids (pJP4 and pRC10) show genetic homology with pAC25 (pAC27) and pWR1 (27, (49) (50) (51) Chaudhry and Huang (27) isolated a new 2,4-D-degradative plasmid, pRC10, from a Flavobacterium sp. This plasmid shows considerable differences in size and restriction patterns from pJP4. It is a 45-kb plasmid, carries genes essential for the degradation of 3CBA and 2-methyl-4-chlorophenoxyacetate (MCPA), imparts resistance to mercury, and encodes the utilization of 2,4-D. Comparison with plasmid pJP4 showed strong homology with the regions containing 2,4-D-degradative genes; the first two genes responsible for the 2,4-D degradation, tfdA and tfdB, have been cloned as a subfragment of the EcoRI A fragment of pRC10. Expression of pRC10 in P. putida (Nld') and A. eutrophus JMP228 showed the cloned fragment coding for tfdA and tfdB. However, the expression of pRC10 in E. coli conferred on the cells only the resistance to mercury. Chaudhry and Huang (27) also proposed the first few steps of degradation of 2,4-D (Fig. 8) and indicated the genes coding for the enzymes.
More recent studies have focused on the organization, cloning, and characterization of the tfd genes, particularly on the plasmid pJP4 (23, 27, 33, 34, 60, 111, 112, 114, 151) . Like TOL and NAH plasmids (135, 186) , the expression of tfd genes also has been found to be regulated by regulatory elements. It has been shown that tfdR regulates the expression of tfdA and the operon tfdCDEF but not tfdB (68) . The promoters for tfdA and the operon are homologous.
The degradation of another commonly used herbicide, 2,4,5-T, has been less extensively investigated, and most of the information concerning the 2,4,5-T degradation has been gathered by using reductive (anaerobic) sediments (52, 70, 78, 94, 158 (52) reported the isolation of a plasmid from P. cepacia AC1100; however, genetic information about this plasmid is not available. The proposed metabolic pathway for the degradation of 2,4,5-T is shQwn in Fig. 9. 2,4 ,5-T is converted into trichlorophenol and chlorocatechol before ring fission occurs.
Chlorotoluene
Pierce et al. (116) reported that P. cepacia and several other Pseudomonas species were capable of utilizing monoand dichlorinated toluenes as the sole source of carbon and energy. These strains contained plasmids of about 72 MDa which coded for chlorotoluene degradation. Restriction analysis shows that these plasmids, although of similar size, are not identical. By using the cloning vectors, the chlorotoluene-degradative plasmids have been successfully cloned into E. coli. However, information on the expression of the cloned fragments in E. coli is unavailable, as is the genetic map of these plasmids (118).
4-Chlorophenylacetate
Pseudomonas sp. strain CBS3 is able to utilize 2-chloroacetate, 4CBA, and 4-chlorophenylacetate (81, 92 
Other Halogenated Aromatic Compounds
Chaudhry and Cortez (26) reported microbial degradation of bromacil by a Pseudomonas sp. This bacterium harbors two plasmids of approximately 60 and 100 kb in size. These plasmids code for the resistance of ampicillin; however, it is not clear whether the plasmid DNA is responsible for the degradation of this compound. Hexabromobenzene has been shown to be debrominated in river and estuary sediments (175) , but the microbial role in the transformation of hexabromobenzene is not clear.
GENETIC STUDIES ON THE BIODEGRADATION OF CHLORINATED AROMATIC COMPOUNDS
When microorganisms encounter a new organic chemical in their environment, they may obtain the new catabolic genes needed for degradation of that compound from other microorganisms through conjugational or transformational events or they may modify existing genes through mutational processes. Even though the chlorinated hydrocarbons have been synthesized and released into the environment only during the past few decades, microorganisms in nature apparently have developed the ability to degrade some chlorinated compounds. The genes for the degradation of these compounds are often plasmid associated. The compounds known to be degradable by naturally occurring microorganisms carrying plasmids are listed in Table 4 .
As mentioned above, the HAA plasmid (pUU204) responsible for the degradation of HAA is quite different from the phenoxyacetate plasmids (pJP4, pRC10) in the sense of diversity (56) . However, there are several independently isolated chlorobenzoate-degradative plasmids (pAC25, pAC27, and pWR1) that show genetic homology (24) . The same occurs in the case of 2,4-D-degradative plasmids (pJP4, pEML159, and pRC10) (7, 14, 27) . Also, there appears to be a common evolutionary emergence of the chlorobenzoateand 2,4-D-degradative pathways encoded by plasmids pAC25, pAC27, and pWR1 for chlorobenzoate and pJP4, pEML159, and pRC10 for 2,4-D, as indicated from the hybridization studies (7, 24, 27, 51) .
Unlike 3CBA and 2,4-D, the plasmids involved in the degradation of other chlorinated hydrocarbons have not been well investigated. Kawasaki et al. (73) reported the isolation of haloacetate-degrading plasmids pUOl and pUOll from Moraxella sp. strain B. pUO1 and pUOll are about 43 and 40 MDa, respectively, and also code for resistance to mercury; however, there is no detailed genetic information about these plasmids. Pierce et al. isolated several chlorotoluene-degrading plasmids which are similar in size (72 MDa) but have different restriction patterns (116, 118) . The plasmids have been cloned, but the analysis and expression of these clones have not been performed.
The plasmids which code for PCP, 2,4,5-T, chlorobiphenyl, chloroaniline, 4-chlorophenylacetate, and chlorosalicylate degradation are not well understood either. Relatively little information is available concerning the abundance and stability of the bacteria or the plasmid-encoded genes within the microflora. There is also little information on the incompatibility grouping of the isolated plasmids relative to other plasmids.
Recently, several investigators have shown increased interest in the study of plasmids encoding 2,4-D degradation (13, 27, 60, 68, 111, 153) . This has led to characterization of at least two of these plasmids, pJP4 and pRC10, in detail. Several of the tfd genes on these plasmids have been mapped, cloned, and sequenced. These studies showed that tfd genes are organized into a large operon, tfdCDEF, separated from tfdA and tfdB (68, 111, 112) . Another gene, tfdR, is involved in the regulation of the operon and of tfdA, the first gene of the pathway (Fig. 8) . The mechanism of regulation of tfdB is not known. The tfdD and tfdE products appeared to be 63 and 53% identical (on the basis of amino acids) to those functionally similar enzymes encoded by clcB and clcD, respectively, from pAC27 of P. putida (112) . These studies and hybridization studies (3, 4, (49) (50) (51) 53) suggest that the plasmids encoding 2,4-D and 3CBA degradation arose from a common ancestor. Thus, it is not surprising that the promoters for the tfdCDEF operon, tfdA, and cIcABD have similar conserved-operator regions as observed by nucleotide sequencing (112, 128) . It should be interesting to determine how tfdB is regulated. In addition, analysis and comparison of a relatively simple 2,4-D plasmid, pRC10 (27) , should help us to understand its evolutionary relationship to pJP4 and pAC27. pRC10 appeared to have features in common with, but not identical to, those of pJP4 and pAC27.
Another area of interest in which substantial progress has been made in recent years is the study of genes involved in the degradation of chlorobiphenyls. These genes also have been organized as a cluster forming a chromosomal operon, bphABCD, in strains of P. putida (47, (74) (75) (76) . However, the independently cloned operon from two different strains of P. putida shows some striking dissimilarities in that bphC from P. putida OU83 (75, 76) does not hybridize with the TOL and NAH plasmids (exhibiting genes for a similar function), whereas bphC from P. putida KF715 (80) Attempts to construct a strain capable of degrading both 2,4-D and 2,4,5-T through the transfer of plasmids pJP2 and pJP4, which specify 2,4-D degradation, to the 2,4,5-T degrader P. cepacia DC102 have resulted in a new strain which is able to utilize both substrates as carbon and energy sources (51) . Analysis of plasmids isolated from such cells harboring pJP2 showed the presence of intact pJP2 as well as unmodified pDC102. However, in all exconjugants harboring pJP4, an approximately 10-kb fragment of pJP4 apparently has been lost. This may be due to the interaction between incoming pJP4 and the resident plasmid in the recipient.
Several attempts to clone the Pseudomonas genes encoding 2,4-D degradation were unsuccessful (52). Initially, tfdA, which codes for the 2,4-D monooxygenase, was identified and cloned (27, 153 (136, 180, 183, 190, 191) . ported (136, 183, 190) . Aside from cloning individual genes or gene clusters (88, 127, 136) Fig. 10 could be used to achieve these goals.
CONCLUSION
Xenobiotic compounds have been used extensively in agriculture as herbicides and insecticides and in the manufacturing industry as solvents and degreasers. Public concern about the possible hazardous effects of these chemicals on humans and their environment has focused largely on a few classes of compounds. Of these compounds, chlorinated hydrocarbons are the most publicized. Many of the chlorinated compounds are highly toxic, and because they are often recalcitrant or insoluble, they escape degradation. However, the microorganisms exposed to these synthetic chemicals have evolved the ability to utilize some of them. Bacteria of several different genera have been shown to degrade chlorinated hydrocarbons. Most of the xenobioticdegrading microorganisms harbor plasmids which code for the catabolic genes. By understanding the biochemistry and genetics of plasmid-borne degradation and by using the recombinant DNA techniques, it is possible to characterize the appropriate genes and transfer them to construct improved strains with enhanced ability for degradation of several toxic compounds.
One of the objectives of genetic engineering of toxic chemical-degrading microorganisms is to develop so-called 
